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UHPHGLDWLRQSURFHVVHVLQRUJDQLFULFKVRLODQGVHGLPHQWVKRXOGEHDFKLHYHGE\DGGLWLRQRIGLVLQIHFWDQWV,QYLHZRI
WKHEDFWHULDODGVRUSWLRQRICuDQGZnFDWLRQV WKHELROHDFKLQJFDQSURYLGH WKHVHOHFWLYHEDFWHULDOH[WUDFWLRQRIAs
LRQVIURPWKHFRQWDPLQDWHGVRLODQGVHGLPHQWDIWHUFKHPLFDOOHDFKLQJ
,QWURGXFWLRQ
+HWHURWURSKLFPLFURRUJDQLVPVDUHNH\FRPSRQHQWV IRUPHWDOVPRELOLW\DQGGHFRPSRVLWLRQRIRUJDQLFPDWWHU7KH
XVLQJRIEDFWHULDOPHWDOUHVLVWDQFHKDVUHFHLYHGVSHFLDODWWHQWLRQLQUHFHQW\HDUVDQGWKHROGHUVWXGLHVKDYHH[DPLQHG
WKHWR[LFHIIHFWVRIPHWDOVRQPLFURELDOSRSXODWLRQDQGIXQFWLRQV WKHHQYLURQPHQWDOIDFWRUVDIIHFWLQJWKHWR[LFLW\
DQG WKHPHFKDQLVPV LQYROYHG LQ WKHGHYHORSPHQWRIPHWDO UHVLVWDQFH LQPLFURRUJDQLVPV%DDWK&DEUHURHW
DO0LFURRUJDQLVPVFRQWUROWUDQVIRUPDWLRQRIPHWDOVE\YDULRXVPHFKDQLVPVLQFOXGLQJR[LGDWLRQUHGXFWLRQ
PHWK\ODWLRQGHPHWK\ODWLRQFRPSOH[IRUPDWLRQDQGELRVRUSWLRQ$OH[DQGHU
$QXPEHURI UHVHDUFK VWXGLHVKDYH H[SORUHG WKHSRWHQWLDO RI FKHPLFDOHQKDQFHG VRLOZDVKLQJ LQZKLFKFKHPLFDO
DGGLWLYHVDUHDGGHGLQWRWKHZDVKLQJVROXWLRQWRIDFLOLWDWHWKHPHWDOH[WUDFWLRQIURPVRLO7VDQJDQG$OH[,Q
FKHPLFDO UHPHGLDWLRQSURFHVVHVE\XVLQJ FKHODWHVRU VXUIDFWDQWV DPLFURELRORJLFDO IDFWRUPD\ DIIHFW WKH \LHOG RI
PHWDOV UHPRYDO )RU H[DPSOH EDFWHULD DUH LQYROYHG LQ ELRDFFXPXODWLRQ RI PHWDOV ZKLFK LV PHGLDWHG E\ WZR
SURFHVVHV L VRUSWLRQ LH ELRVRUSWLRQ E\PLFURELDO ELRPDVV DQG LWV E\SURGXFWV DQG LL SK\VLRORJLFDO XSWDNH
WKURXJKPHWDEROLFDOO\DFWLYHRUSDVVLYHSURFHVVHV$OH[DQGHU
7KHUHIRUHWKLVVWXG\ZDVGHVLJQHGZLWKWKHREMHFWLYHWRFRQILUPWKHUHVLVWDQFHRIEDFWHULDWRPHWDOFDWLRQV&X=Q
7KH EDFWHULDZHUH LVRODWHG IURP KHDY\PHWDO FRQWDPLQDWHG VHGLPHQW DQG VRLO E\ SODWH DQG EDWFKPHWKRGV  7KH
HIIHFWLYHQHVVRIFKHPLFDODQGELRFKHPLFDOOHDFKLQJHIIHFWRQVRLODQGVHGLPHQWUHPHGLDWLRQZLWKDJHQWV(''6
6'61D32DQGZLWKKHWHURWURSKLFLQGLJHQRXVUHVLVWDQWEDFWHULDZDVFRPSDUHG
0DWHULDOVDQGPHWKRGV
2.1. Sediment and soil characteristics 
7KHVHGLPHQWDQGVRLOVDPSOHVXVHGLQWKLVVWXG\ZHUHFROOHFWHGDWWKHERUGHURIWKHZDWHUUHVHUYRLUDUHDRI5XåtQ
QHDU WRZQ 0DUJHFDQ\ GHVLJQDWHG DV VHGLPHQW 5 DQG FORVH WR WKH LQGXVWULDO DUHD RI .RYRKXW\ .URPSDFK\
GHVLJQDWHGDV VRLO.ERWK LQ6ORYDNLD6HGLPHQW DQGVRLOZLWKGLIIHUHQW FRQWDPLQDWLRQ OHYHOV DQG LQLWLDOPHWDO
GLVWULEXWLRQVZHUHXVHGLQWKLVVWXG\7DEOH

 7DEOH&RQFHQWUDWLRQVRIPHWDOVLQVHGLPHQWDQGVRLOVDPSOHV
0HWDO &RQFHQWUDWLRQPJNJ
 6HGLPHQW 6RLO $ %
&X    
=Q    
$V    
 7KHIRUPDOUDQNLQJEDVHGRQWKH/DZRI0=3651R$±OLPLWLQJYDOXHIRUVHGLPHQW%±OLPLWLQJYDOXHIRUVRLO

+LJK FRQFHQWUDWLRQV RI &X =Q DQG $V LRQV ZHUH IRXQG LQ VRLO . DQG ORZ FRQFHQWUDWLRQV LQ VHGLPHQW 5
UHVSHFWLYHO\$OOVDPSOHVZHUHWDNHQDWOHYHOVFPEHORZWKHJURXQGVXUIDFH7KHVDPSOHVZHUHHQFORVHGLQVWHULOH
SODVWLF EDJV IRU WUDQVSRUWDWLRQ WR WKH ODERUDWRU\ $OO VDPSOH PDQLSXODWLRQV LQ WKH ODERUDWRU\ ZHUH XQGHU 89
VWHULOL]HG ODPLQDU IORZ KRRG 7KH VDPSOHV ZHUH PDQXDOO\ KRPRJHQL]HG DQG VLHYHG WKURXJK D  PP VWHULOL]HG
VWDLQOHVVVWHHOVLHYH1R6LHYHGVDPSOHVZHUHVWRUHGDW&XQWLOXVHGLQWKHH[SHULPHQWV7KHVHOHFWHGKHDY\
PHWDOVLRQVVXFKDV$VLQVHGLPHQWDQG=Q&XDQG$VLQVRLOH[FHHGHGWKHOLPLWLQJYDOXHVSHFLILHGLQWKH/DZ1R
RIWKH0LQLVWU\RI(QYLURQPHQWRIWKH6ORYDN5HSXEOLF0=365
2.2. Bacterial growth medium 
9LDEOH FHOO QXPEHUV RI EDFWHULDO SRSXODWLRQV ZHUH GHWHUPLQHG XVLQJ D DJDU SODWH DVVD\ ZLWK &X DQG =Q FDWLRQV
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1XWULHQW DJDU1R  ,PXQD âDULãVNp0LFKDĐDQ\ 6ORYDNLD DW  & IRU  K0LFURELDO JURZWK HYROXWLRQZDV
FDUULHGRXWE\XVLQJ1XWULHQWEURWK1R,PXQDâDULãVNp0LFKDĐDQ\6ORYDNLD7KHVHULDOGLOXWLRQRIWKHVDPSOHV
      ZDV PDGH DQG WKLV GLOXWLRQ ZDV LQRFXODWHG LQ 1XWULHQW EURWK 1R  VXSSOHPHQWHG ZLWK
FRQFHQWUDWLRQV&XDQG=QFDWLRQVP0DQGP0DQGLQFXEDWHGDW&7KHVWXGLHGPHWDOFDWLRQVFRSSHUDQG
]LQFZHUHDGGHGDVVXOSKDWHVDOWVWRSURYLGHWKHPRGHOFRQFHQWUDWLRQRIP0DQGP0LQWKHWXEHV$OOLQRUJDQLF
VDOWV ZHUH RI DQDO\WLFDO UHDJHQW JUDGH 7KHQ WKH FHOO GHQVLW\ ZDV WKHQ GHWHUPLQHG E\ RSWLFDO GHQVLW\ DW  QP
+$&+'56SHFWURSKRWRPHWHU
2.3. Bioleaching experiments 
%LROHDFKLQJ H[SHULPHQWVZHUH FDUULHG RXW LQ PO FXOWXUH IODVNV FRQWDLQLQJJ VDPSOHV DQGPOPHGLXP
ZLWKRXWGHQRWHGDV000DQGZLWKJOVRGLXPD]LGGHQRWHGDV$$$6RGLXPD]LGZDVXVHGDV
ELRFLGHVLQFKHPLFDOFRQWUROV0HGLXP0FRQWDLQHGSHUOLWHU1DQG3IHUWLOL]HUV'$03HNDYLWFKHODWLQJ
DJHQWJ1D(''6J0J62J&D&OJ1D&OJ.&OJ1D62J\HDVWH[WUDFW
JJOXFRVHDQGJQ\VWDWLQHDVDIXQJDOJURZWKLQKLELWRUS+DGMXVWHGZLWK1D2+0HGLXP0DQG0
FRQWDLQHGEHVLGHVWKHOLVWHGFKHPLFDOVJ6'6DQGJ1D32UHVSHFWLYHO\7KHIODVNVZHUHLQFXEDWHGXQGHU
VWDWLF FRQGLWLRQV DW  & IRU  GD\V 7KH FXOWXUH VROXWLRQ ZDV VHSDUDWHG IURP WKH VDPSOHV DIWHU  PLQ RI
FHQWULIXJDWLRQDWx J7KHVXSHUQDWDQWZDVFROOHFWHGIRUFKHPLFDODQDO\VHV7KHOHDFKLQJH[SHULPHQWVZHUH
FRQGXFWHG LQ GXSOLFDWHV 7KH H[SHULPHQWV ZHUH SHUIRUPHG WR DVVHVV WKH SRWHQWLDO RI LQGLJHQRXV KHWHURWURSKLF
EDFWHULDSUHVHQWLQWKHVRLODQGVHGLPHQWWRPRELOL]HRULPPRELOL]H&XDQG=QFDWLRQVIURPWKHVDPSOHV
5HVXOWVDQGGLVFXVVLRQ
3.1. Metals resistance 
%DFWHULDOSODWHFRXQWVLQWKHSUHVHQFHRIGLIIHUHQWFRQFHQWUDWLRQVRI&XDQG=QFDWLRQVLVVKRZQLQ7DEOH7KH
WRWDO QXPEHU RI FRORQLHV GHFUHDVHGZLWK LQFUHDVLQJ FRQFHQWUDWLRQV RI KHDY\PHWDOV DQG WKH VWUDLQV LVRODWHG IURP
VHGLPHQWDQGVRLOZHUHDEOHWRWROHUDWHRQO\WKHGLIIHUHQWFRQFHQWUDWLRQRI=QFDWLRQV+RZHYHUQRLVRODWHIURPVRLO
ZDV DEOH WR JURZ LQ WKH SUHVHQFH RI &X FDWLRQV RQO\ WKH VHGLPHQW LVRODWHV ZHUH FDSDEOH WR WROHUDWH WKH  P0
FRQFHQWUDWLRQRI&X

  7DEOH,QIOXHQFHRI&X=QRQEDFWHULDODPRXQWLQVHGLPHQW5DQGVRLO.
%DFWHULDO
FRXQWV
&)8J
$JDUZLWKRXW
P0&X P0&X P0=Q P0=Q
PHWDOV
5 [ [  [ [
. [   [ [

7KHDLPRIWKLVVWXG\ZDVDOVRDLPHGWRYHULI\DOVRWKHPHWDOWROHUDQFHLQPHGLXPZLWKWKHGLIIHUHQWFRQFHQWUDWLRQRI
&XDQG=QFDWLRQV7KHVHULDOGLOXWLRQRIWKHVDPSOHVZDVPDGHDQGWKLVGLOXWLRQZDVLQRFXODWHGLQ
QXWULHQW EURWKZLWK DQGZLWKRXW WKH &X DQG =Q FDWLRQV )LJ$ %  7KH EDFWHULDO JURZWK ZDV UHWDUGHG LQ WKH
SUHVHQFHRI&XDQG=QFDWLRQV,QWKHQXWULHQWEURWKZLWKKHDY\PHWDOVWKHEDFWHULDOJURZWKHYROXWLRQH[KLELWHGWKH
ZRUVHVXUYLYDOEXWWKHEHWWHUWROHUDWLRQWR&XFDWLRQVWKDQLQWKHSODWHPHWKRG7KHVHUHVXOWVUHYHDOWKDWWKHEDFWHULD
LQVHGLPHQW WROHUDWHGWKHP0&X)LJ&DQGP0=Q)LJ,7KHEDFWHULD LQVRLO WROHUDWHGWKHP0&X
)LJ)DQGP0=Q)LJ+1RDSRVLWLYHFRUUHODWLRQH[LVWVEHWZHHQWKHKHDY\PHWDOVFRQFHQWUDWLRQVLQWKH
VDPSOHVDQGWKHEDFWHULDOUHVLVWDQFHWRKHDY\PHWDOV
7KHUHODWLYHO\FRXQWRIKHWHURWURSKLFEDFWHULD&)8JPD\EHDWWULEXWHGDVUHVLVWDQWEDFWHULDWRWKHSUHVHQFHRI
&XDQG=QFDWLRQVDQGFDQVWDUWWRPXOWLSO\LQWKHPHGLXP7KHKLJKHUGLOXWLRQRIEDFWHULDZDVSDUWLDOO\LQKLELWHGE\
&XDQG=QFDWLRQV
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3.2. Metals releasing 
7KHDELOLW\RILQGLJHQRXVKHWHURWURSKLFEDFWHULDWRVROXELOL]H&X=QFDWLRQVZDVLQYHVWLJDWHGLQWKHVHGLPHQW5
DQGVRLO6ELROHDFKLQJH[SHULPHQWVGD\VZLWKPHGLXP000DQGWKHVHUHVXOWVZHUHFRPSDUHGZLWK
FKHPLFDOFRQWUROV$$DQG$
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 
 
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